Rationale Several studies have examined the role of different neurotransmitter systems in modulating risk-taking behavior. Objective This investigation was aimed to determine whether the benzodiazepine lorazepam dose-dependently alters risk-taking behavior and underlying neural substrates. Materials and methods Fifteen healthy, nonsmoking, individuals (six women, nine men), aged 18-39 years (mean 27.6±1.4 years) with 12-18 years of education (mean 15.6± 0.3 years) underwent functional magnetic resonance imaging while performing a risk-taking decision-making task.
Introduction
Risk refers to a situation involving exposure to danger or the possibility of loss or injury. Risk-taking refers to the propensity to act in situations that contain risk and is comprised of a set of cognitive, affective, and action processes, which aim to establish a balance between potential losses and benefits of an action. In particular, these processes involve constructs such as hazard, probability, consequence, or potential adversity, or threat (Slovic 1987 (Slovic , 2000 . According to Kahneman and Tversky (1979 , 1984 , risk or loss aversion (i.e., losses exert greater control over decisions compared to gains) is a pervasive human norm, i.e., individuals when making a decision are more strongly influenced by the potential of losses associated with an action than by the potential of gains. In other words, from a normative perspective, individuals tend to be riskaverse. Thus, it is important to understand maladaptive (excessive or deficient) risk-taking behavior because it often characterizes groups of individuals with vulnerabilities for psychiatric problems. For example, altered risk-taking behavior was observed in substance dependence, where data show that these individuals are more likely to select actions associated with large short-term gains (and large long-term losses) preferentially to those with small short-term gains (and small long-term losses; see Bechara and Damasio 2002; Grant et al. 2000) . Furthermore, they have a tendency to select risky options (Lane and Cherek 2000) and show an altered temporal horizon of risks and benefits (i.e., a steeper temporal discounting function; Petry et al. 1998; Madden et al. 1999) .
Functional neuroimaging studies of risk-taking have shown that several neural substrates activate in relation to the degree of risk. Among these structures are the orbital and dorsolateral prefrontal cortex, anterior cingulate, insula, inferior parietal cortex and thalamus, predominantly on the right side, and cerebellum predominantly on the left side (Ernst et al. 2002; Ernst et al. 2004a,b) . The notion of risk is closely associated with the potential of an aversive outcome or punishment. Therefore, it is not surprising that some key components of this neural circuitry, e.g., the anterior cingulate/medial prefrontal cortex, anterior insula, and orbitofrontal cortex, were also implicated in higher order processing of pain (Craig 2002 (Craig , 2003 . Thus, it appears that top down modulation of aversive stimuli (pain) may also be involved in risk-related processing. Consistent with this idea, other investigators have reported that the medial-frontal area may be important for risk level adjustments (Gehring and Willoughby 2002) , findings supported by observations that risk anticipation is closely linked to activation in the medial frontal gyrus (Fukui et al. 2005) . Similarly, choosing high-risk over low-risk decisions was associated with increased activity in both anterior cingulate and orbitofrontal cortices (Cohen et al. 2005; Ernst et al. 2004b) , and the amygdala was activated during risk-taking after a choice that entailed risk or loss (Kahn et al. 2002) . Lastly, altered risk-taking behavior may relate to a balance in the engagement of reward processing areas, such as the nucleus accumbens, and of anxiety-related processing areas, such as the amygdala (Ernst et al. 2005) .
Several studies have begun to examine the role of different neurotransmitter systems in modulating risk-taking behavior. For example, systemic administration of alprazolam, a GABAergic agonist, in healthy volunteers produced dose-related changes in subjective effects, response rates, and, most importantly, dose-dependently increased selection of the risky response option (Lane et al. 2005b) . Acute marijuana administration produced measurable changes in risky decision-making under laboratory conditions and a change in sensitivity to both reinforced and losing outcomes (Lane et al. 2005a) . Others have examined the effects of alcohol on risk-taking behavior showing that alcohol administration impairs the ability to factor in the magnitude of gains and the likelihood of winning when the losses are large (George et al. 2005) . Furthermore, alcohol dose-dependently increased the selection of risky responses in an experimental paradigm (Lane et al. 2004 ) and during simulated driving (Burian et al. 2002) . Adrenergic attenuation by systemic administration of a beta-adrenergic antagonist, propranolol, reduced the discrimination between large and small possible losses when the probability of winning was relatively low and the probability of losing was high (Rogers et al. 2004) , which may be due to reduction of the punishment signal. Attenuation of serotonergic modulation by tryptophan depletion did not change risk-related behaviors but resulted in a reduced ability to discriminate between magnitudes of expected gains (but not expected losses) and did not affect the ability to discriminate the probability of gains or losses (Harmer et al. 2003) . In combination, these studies show that risk-taking can be increased by GABAergic modulation, alcohol, adrenergic attenuation, and stimulation of cannabinoid receptors. These data are all consistent with the idea that the representation of future physiological aversive states characterized by anxiety, sympathetic arousal, and possibly pain is crucial for the degree of risk-taking.
The aim of this investigation was to determine whether the benzodiazepine lorazepam (a GABAergic agonist) dose-dependently alters risk-taking behavior and neural substrates underlying risk-taking. We hypothesized that participants would show an increase in risky response selection associated with an attenuation of neural substrates signaling aversive outcomes. We employed primarily a region of interest approach since an effective method to prevent false-positive findings is to focus on a priori hypothesized areas (Stein et al. 1998) .The a priori areas included the insula, amygdala, medial prefrontal cortex, and nucleus accumbens. The latter area was selected due to its role in reward sensitivity and uncertainty, as well as its interconnections with the amygdala and medial prefrontal cortex (Knutson and Cooper 2005; Knutson et al. 2001 ). Similarly, the medial prefrontal cortex is known to be involved in cognitive control, conflict monitoring, outcome evaluation, and uncertainty (Ridderinkhof et al. 2004 ). Based on our previous work , we hypothesized that lorazepam would attenuate insula and amygdala activation in a dose-dependent manner. Support for these hypotheses would enable us to better understand the influence of inhibitory neurotransmitters such as GABA on processing of risk-related behavior.
Materials and methods

Subjects
The UCSD Institutional Review Board approved study procedures. All participants provided written informed consent and were paid for their participation. Fifteen healthy, nonsmoking, individuals (six women, nine men), aged 18-39 years (mean 27.6±1.4 years) with 12-18 years of education (mean 15.6±0.3 years), were studied. Participants did not have medical or psychiatric disorders as determined by their medical history and a structured clinical interview for DSM-IV diagnoses. Each subject was required to consume less than 150 mg/day caffeine and less than 14 alcohol-containing drinks per week. Subject had no history of drug or alcohol abuse and did not report use of benzodiazepines in the prior month. All participants passed a urine drug screen before study drug administration (to assure that individuals were not using other psychoactive substances at time of testing that could interfere with the study drug) and presented to the MRI facility between 8:00 a.m. and 4:00 p.m. with at least 1 week between scans.
Study design
The study was performed in a double-blinded manner. Participants underwent each of the three conditions in randomized order between 1 and 3 weeks apart. We selected doses that minimally disrupt performance on behavioral tasks and memory (≤1.0 mg) but are used to treat anxiety. Subjects arrived at the MRI facility 60-90 min before the MRI scan. Upon arrival, subjects' vital signs were assessed and subjects received orally placebo, 0.25, or 1.0 mg lorazepam suspension mixed in diet, decaffeinated cola. The risky gains decision-making task was conducted approximately 80 min after the oral administration of placebo or lorazepam to coincide with peak blood concentrations of lorazepam (Kyriakopoulos et al. 1978) .
Assessments and functional MRI paradigm
Task The Risky Gains task has been previously described elsewhere (Paulus et al. 2003) . Briefly, subjects are presented with a sequence of three numbers in ascending order (20, 40, and 80) . Each number is presented on the screen for 1 s and, if the subject presses a button while that number is shown on the screen, he/she receives the number of points shown on the screen. The subjects are informed that when a 40 or 80 appears, there is a chance that it will be in red color, which indicates that that the trial ends and that the subject loses 40 or 80 points, respectively. Thus, although the subject may gain more points per trial by waiting until a 40 or 80 appears on the screen, there is also a risk of losing 40 or 80 points. The probabilities of presenting a negative 40 or 80 are such that a subject's final score would be identical if they were to consistently select 20, 40, or 80. Thus, there is no inherent advantage to selecting the risky response (40 or 80) over the safe response (20). Each trial lasts 3.5 s irrespective of the subject's choice and the subject receives rewarding feedback (stimulus on the screen and auditory sound) immediately after selecting a response.
Behavioral and psychological measures The 96 trials of the Risky Gains task consist of three trial types, which were presented in subject-independent, randomized order: (1) a 20, 40, or 80 non-punished trial type (n=54); (2) a 40 punished trial type (n=24); and (3) an 80 punished trial type (n=18). The primary dependent measure to assess the degree of risk-taking and the response to punishment is the probability of selecting a safe (20) or a risky (40 or 80) response as a function of the previous trial outcome (punished vs non-punished).
Subjects completed the state form of the Spielberger State-Trait Anxiety Inventory (STAIS; Spielberger 1983) and visual analog scales (VAS) for anxiety, tension, alertness, and trembling before and after the MRI scan.
All subjects completed a practice run immediately before the functional MRI (fMRI) session to familiarize themselves with the task. Participants were observed by the experimenter during this initial run to assure adequate understanding and completion of the task.
Image acquisition During the task, one BOLD-fMRI run was collected for each subject using a 1.5-T Siemens (Erlangen, Germany) scanner (T2*-weighted echo planar imaging, TR=2,000 ms, TE=40 ms, 64×64 matrix, 20 4-mm axial slices, 256 repetitions). During the same experimental session, a T1-weighted image (MPRAGE, TR=11.4 ms, TE= 4.4 ms, flip angle=10°, FOV=256×256, 1 mm 3 voxels) was obtained for anatomical reference. For preprocessing, voxel time series were interpolated to correct for non-simultaneous slice acquisition within each volume and corrected for threedimensional motion.
fMRI analysis pathway The data were preprocessed and analyzed with the software AFNI (Cox 1996) . The echoplanar images were realigned to the 128th acquired scan and time-corrected for slice acquisition order. To exclude the voxels showing an artifact related to signal drop, a combined threshold/cluster-growing algorithm was applied to the mean of the functional images to compute a whole brain mask. This screened out non-brain voxels and voxels falling within the artifact region. A randomized, fast-event related design was used with six resting trials interspersed between the 96 risky-gains trials. The preprocessed time series data for each individual were analyzed using two multiple regression models, which we refer to as "riskrelated" and "outcome-related" activation patterns. For the risk-related multiple regression model, the five regressors of interest were constructed from the behavioral data obtained from each subject during the task. Specifically, response regressors were defined from the onset of the trial until the individual selected an option and, for punished trials, until the appearance of negative 40 or 80. These five regressors are referred to as (1) selecting 20 (safe response), (2) selecting 40 (risky response), (3) selecting 80 (risky response), (4) punished with −40, and (5) punished with −80. The subsequent time period, which included outcome and intertrial interval, as well as the null trials, served as the baseline condition for this analysis. For the outcome-related multiple regression model, two regressors, which quantify risk-taking behavior with gains and losses, respectively, were used to evaluate the neural systems response to the experienced outcome: (1) selecting a risky response (40 or 80), which resulted in reward; and (2) selecting a risky response, which resulted in punishment (−40 or −80). These regressors were set to 1 from the onset of the outcome until the end of the trial. The time interval that included both selection of the response and the intertrial interval as well as the null trials served as the baseline condition for this analysis. Both sets of regressors of interest were convolved with a modified gamma variate function modeling a prototypical hemodynamic response (Boynton et al. 1996) before inclusion in the regression model. In addition, three regressors were used to account for residual motion (in the roll, pitch, and yaw direction). Regressors for baseline and linear trends were used to eliminate slow signal drifts. The AFNI program 3dDecon-volve was used to calculate the estimated voxel-wise response amplitude. Finally, a subject-specific linear contrast was used to identify brain activation associated with selecting a risky response (40 or 80) vs a safe response (20) . A Gaussian filter with FWHM 6 mm was applied to the voxel-wise percent signal change data to account for individual variations of the anatomical landmarks. Data of each subject were normalized to Talairach coordinates.
Statistical analyses Two sets of analyses were carried out after data of each subject were normalized to Talairach coordinates. First, a priori regions of interest (defined by the Talairach Daemon atlas; Lancaster et al. 2000) in the bilateral amygdala, medial prefrontal cortex (Brodmann Areas 24 and 32), insula, and nucleus accumbens were used as masks for both the decision-and outcome-related analysis. On the basis of these areas of interest, a voxel-wise a priori probability of 0.05 was determined via simulations, which would result in a corrected cluster-wise activation probability of 0.05 if a minimum volume of 128 μl and two connected voxels (in the amygdala) or 512 μl and eight connected voxels (in all other regions of interest) was considered. Using the thresholding and clustering techniques described above, the corrected voxel-wise probabilities are as follows: amygdala p<0.012, insular cortex p<0.00006859, medial prefrontal cortex p<0.00014493, and nucleus accumbens p<0.0084. The areas of interest were superimposed on each individual's voxel-wise percent signal change brain image. Only activations within the areas of interest, which also satisfied the volume and voxel connection criteria, were extracted and used for further analysis. The voxel-wise percent signal change data were entered into a mixed model ANOVA with dose as a fixed factor and subjects as a random factor.
Second, a whole-brain analysis was conducted with the signal contrast of risky (selecting a 40 or 80 and receiving a gain of 40 or 80 points) vs safe (selecting 20 and receiving a sure gain of 20 points) responses as the main dependent measure. Similarly, another whole-brain analysis explored the outcome-related activation of a punished risky response (waiting to select 40 or 80 and being punished) vs a reward (or non-punished; selecting a 40 or 80 and obtaining the points) risky response. A threshold adjustment method based on Monte-Carlo simulations was used to guard against identifying false positive areas of activation (Forman et al. 1995) . Based on these simulations, it was determined that a voxel-wise a priori probability of 0.05 would result in a corrected cluster-wise activation probability of 0.05 if a minimum volume of 1,000 μl and a connectivity radius of 4.0 mm was considered. Finally, the average percent signal difference (i.e., regressor of interest coefficient divided by the baseline regressor multiplied by 100) was extracted from regions of activation that were found to survive this threshold/cluster method. These voxel-wise percent signal change data were also entered into two mixed model ANOVA with dose as a fixed factor and subjects as a random factor and risky vs safe responses, and punished vs rewarded responses as dependent measures, respectively.
All behavioral analyses were carried out with SPSS 10.0 (Norusis 1990) . A repeated measures multivariate ANOVA, with dose (placebo, 0.25, 1.0 mg) as the within-subjects factor, was used to analyze the behavioral measures. Behavioral measures are reported as main effect of dose. A difference of score between the 1.0-mg and the placebo condition was created to determine whether the dose-related effect of lorazepam on an individual's brain activation was associated with individual differences in behavioral variables.
Results
Behavioral and psychological ratings results Subjects selected a risky response (40 or 80) 55±4% of the time. One subject never selected a risky response during the 1.0-mg lorazepam condition and was, therefore, excluded from the decision-related analyses. There was no significant effect of lorazepam on the frequency of selecting a risky response (see Table 1 ). Although there was a trend [F(1,13)=3.15, p=0.1, eta 2 =0.19] for the frequency of risky responses to be decreased after punishment (Fig. 1) , there was no interaction between the drug condition and the effect of punishment on selecting a risky response [F(2,12) (Fig. 2) . In contrast, lorazepam induced a dose-dependent increase in the left insular cortex. This dose-dependent increase in the insular cortex [F(2,28)=6.59, p=0.004, eta 2 =0.32] was associated with a decrease in selection of risky responses (comparison of 1.0 mg dose of lorazepam relative to the placebo condition; r 2 =0.395; Fig. 3 ). Thus, a stronger increase in insular activation was associated with a more risk-averse behavior, which is consistent with our previous findings in this task (Paulus et al. 2003) . No voxels survived thresholding in the nucleus accumbens.
Whole-brain analysis (Table 2 ) revealed a distributed neural substrate with significantly more activation during the selection of a risky response relative to the selection of a safe response. These areas included those previously reported (Paulus et al. 2003 ) such as the bilateral anterior insula and inferior frontal gyrus (see Table 2 for Brodmann areas). Moreover, anterior cingulate and posterior parietal cortical areas were significantly more activated during risky responses. Lorazepam had two types of effects on these neural substrates. First, a nonlinear dose response (with the 0.25-mg dose showing the largest activation) was found in the middle and inferior frontal gyri, part of the anterior cingulate, and the caudate. Second, a dose-dependent linear decrease in activation was observed in anterior and rostral parts of the cingulate and middle frontal gyri. Fig. 4 ], but there was no significant effect of lorazepam on the nucleus accumbens.
Dose-dependent alteration of outcome-related activation patterns
When examining the outcome-related activation on risky responses, i.e., the difference between punished vs non-punished risky choices, we observed strong bilateral caudate activation (see Fig. 5 ). These activations included the entire extension of the caudate rostrally from the head to the tail. Lorazepam had no significant effect of changing the win-vs lose-related activation differences in these structures [ Relationship between brain activation and changes in subjective ratings Functional regions of interest derived from the whole-brain analyses and the a-priori constrained region of interest analyses were subjected to a stepwise linear regression to predict lorazepam-induced changes in state anxiety or changes in visual analog ratings scales. None of the dose-dependent lorazepam activation differences predicted changes in subjective rating scales (data not shown).
Discussion
This investigation yielded three main results. First, lorazepam did not affect risky behavior at the doses tested. Second, lorazepam dose-dependently attenuated activation in (a) the amygdala and medial prefrontal cortex during the decision phase and (b) in the bilateral insular cortex and amygdala during the outcome (i.e., rewarded or punished) phase. Third, a lorazepam-induced activation increase in the insular cortex was associated with less risky responses. Taken together, this investigation supports the idea that GABAergic modulation in limbic and paralimbic structures, which include bilateral amygdala, insula, and medial prefrontal cortex, is important during both the response selection (i.e., decision) and outcome phase of risk-taking decision-making. Both lorazepam doses tested in this study did not affect risk-taking behavior. These results contrast with a previous study, which showed that alprazolam dose-dependently decreased risky responses (Lane et al. 2005b) . These apparently contradictory findings may be reconciled by highlighting several differences between that study and the current investigation. First, in the Lane et al. 2005b ) study, alprazolam did not robustly affect risk-taking unless a dose of 2 mg was used, which would correspond to approximately 4 mg of lorazepam. Thus, the doses used in the current study may not have been sufficiently high to affect behavior. It should be noted that higher doses of lorazepam affect alertness (Greenblatt et al. 1988 ) and other cognitive functions such as memory (Sperling et al. 2002) . Therefore, one may not be able to differentiate the behavioral effects on risk-taking from those on sedation. Second, subjects in this study had no history of any DSM-IV Axis I diagnosis. In contrast, several subjects in the above-mentioned study (Lane et al. 2005b ) were reported to have a history of drug abuse/dependence. We have previously shown that individuals who are at higher risk for stimulant use show increased risk-taking behavior (Leland and Paulus 2005) . This suggests that individuals in Lane et al.'s (2005b) study may have had a higher base rate of selecting risky responses, and/ or that their risk-taking propensity may interact with the effects of a benzodiazepine. Third, there are significant taskrelated differences between the paradigm used by Lane et al. 2005b and the Risky Gains task. Although it is important to probe risk-taking using different types of decision-making tasks due to the variability of such behavior in different contexts (Monterosso et al. 2001) , these behaviors may be differentially sensitive to GABAergic modulation. Finally, we did not find a selective dose-dependent difference to punishment, which may be due to the fact that the overall effect of punishment on decreasing subsequent risky responses was modest. Lastly, there may have been the possibility that some risk-taking preferences may have been in transition across the three testing sessions. Thus, if risk levels were unstable during the primary dosing and testing, it could have obscured the acute drug effects on risk-taking behavior.
Lorazepam had the expected effect on decision (risk)-related processing in the amygdala and the medial prefrontal cortex/anterior cingulate. However, in contrast to our hypothesis, lorazepam dose-dependently increased risk-related activation in the insular cortex, which was inversely associated with the rate of risky responses in the left hemisphere. Consistent with our previous findings (Paulus et al. 2003) , heightened insular cortex activation may be related to increased anticipation of aversive outcomes when processing the consideration of selecting a risky response. In contrast, the dose-dependent attenuation of amygdala activation during the response selection phase may reflect an altered appraisal of inherent value of the risky choice (Kahn et al. 2002) .Other investigators have emphasized the importance of the amygdala for the subjective assessment of incentive value of the choice (Arana et al. 2003) , as opposed to the role of the insular cortex, which is thought to instantiate somatic markers (Bechara 2001) . According to the somatic marker hypothesis (Damasio 1996) , certain stimuli initiate a state that is associated with pleasurable or aversive somatic markers, which serve as a guide to bias the selection toward certain (pleasurable) actions. Moreover, the amygdala, in the context of choice selection, was also implicated in processing emotional consequences of the possibility of alternative outcomes, which is often referred to as regret (Coricelli et al. , and is related to choice-related processing of missing or unavailable information (Hsu et al. 2005) . We speculate that lorazepam-related dose-dependent attenuation of the amygdala during response-related processing may have counterbalanced the increase in insular cortex activation and result in no observable behavioral changes of risky response selection. Future studies may need to examine the effect of lorazepam on the functional connectivity between the amygdala and insular, as well as the amygdala and medial prefrontal cortex, to better delineate the role of GABA in risk-related behavior. The dose-dependent attenuation of risk-related activation in the medial prefrontal cortex/anterior cingulate is consistent with the idea that lorazepam decreases conflict processing. Various types of conflict tests have been used in animal studies of anxiety-related behaviors (Millan 2003) . In particular, a recent study using a new conflict procedure with rhesus monkeys showed a high correlation between therapeutic potencies and the ability of benzodiazepines to increase suppressed responding. The cingulate cortex was hypothesized to contribute to the internal monitoring of planning and controlling functions of the prefrontal cortex and the regulation of affective signals coming from limbic areas (Frith and Done 1988) . Others have attributed a conflict-monitoring function to this structure (Botvinick et al. 1999) due to its role in implementing strategic processes to reduce cognitive conflicts (Carter et al. 2000) . The anterior cingulate cortex is also important for assessing the value of an action for obtaining a predicted outcome (Richmond et al. 2003 ). Moreover, this medial prefrontal structure may have an important role in maintaining action-outcome associations, when the action is only probabilistically associated with an outcome (Rushworth et al. 2004) . Taking into account the prominent role of the anterior cingulate during cognitive and action monitoring, GABAergic modulation of this structure during risk-related response processing may reflect the degree to which a response alternative signals conflict and initiates the utilization of strategic processes to reduce such state (i.e., conflict). In contrast to animal conflict procedures, processing of riskrelated responding during the Risky Gains decision-making task incorporates both conflict (the possibility of a punished outcome) and uncertainty. Recent studies indicate that risk (probabilistic aversive outcomes) and ambiguity (incomplete information) may depend on partially distinct neural substrates (Hsu et al. 2005; Huettel et al. 2006) . Therefore, future investigations of GABAergic modulation may need to utilize paradigms that disambiguate uncertainty from punished responding to better delineate the effects of benzodiazepines on these processes in humans.
Fear is an adaptive response to potentially dangerous, i.e., risky, stimuli that threaten to perturb homeostasis (Millan 2003) . GABAergic neurons constitute the major mode of inhibitory transmission throughout the CNS, acting as a "brake" under conditions of stress (Millan 2003) . Interestingly, the highest densities of benzodiazepine receptors in human brain have been reported in cortical, limbic, and paralimbic areas (Zezula et al. 1988; Marowsky et al. 2004; Quirk and Gehlert 2003) . Acute administration of lorazepam has strong dose-related effects on sleep, mood, drug liking, and abuse liability (Roache and Griffiths 1987) , as well as cognitive functions such as learning (Rush et al. 1993 ) and attention (Rush et al. 1994) , which is associated with attenuation of frontotemporal activation (Coull et al. 1999) . However, the effects of benzodiazepines on fearrelated experimental paradigms have been mixed (Riba et al. 2001; Baas et al. 2002) . We have previously shown that lorazepam dose-dependently attenuates amygdala and insular cortex during emotional face processing , and the current study extends this finding to include attenuation of risk-related processing.
It is interesting that lorazepam did not affect striatal activation (either dorsal or ventral) related to gain vs loss when contrasting the outcome-related activation for selecting a risky response and receiving 40 or 80 points vs being punished by losing 40 or 80 points. This observation supports the general idea that lorazepam did not indiscriminately attenuate brain activation. This finding is consistent with our previous results, which suggested that lorazepam did not affect primary visual cortex activation .
This investigation had several limitations. First, the lack of a behavioral effect of lorazepam on risk-related response selection makes it more difficult to interpret dose-dependent activation differences because we were unable to relate a lorazepam-induced behavioral change to a neural activation change. However, activation differences that are not accompanied by behavioral differences can be very informative because they speak to the neural processes that may underlie the overtly observed behavior. Although we acknowledge that the observed neural activation differences may be due to a number of different factors (which cannot be disambiguated with the current experimental design and with BOLD-fMRI technology), they are, nevertheless, important. In particular, some investigators have proposed a "risk-as-feelings" hypothesis, which highlights the role of effect experienced at the moment of decision-making (Loewenstein et al. 2001) . The differential activity in limbic and paralimbic structures is consistent with the notion that lorazepam altered the affective state associated with riskrelated behavior. Therefore, lorazepam may not change risky behaviors (on this task) but may affect the feelings associated with selecting a risky alternative. Future studies will need to better delineate these effects. Moreover, the lack of behavioral differences eliminates possible performance confounds on the effects of lorazepam. The results presented in this manuscript are limited to explain riskrelated brain processes and future investigations may apply other risk-taking decision-making paradigms better suited to produce significant interactions between lorazepam and behavior. Second, our experimental design lacked a baseline risk-taking session before dosing, which raises the possibility that some risk-taking preferences may have been temporally unstable. These instabilities could obscure the acute drug effects on risk-taking behavior. Third, the Risky Gains decision-making task does not allow for differentiation between uncertainty-related processing and reward or punishment-related processing. A recently published article reported several regions (including the anterior insula) that showed a selective increase in activation uncertainty when compared to risky decisionmaking (Huettel et al. 2006) . Future studies should develop adequate paradigms to clarify the commonalities and discrepancies between the uncertainty and risk-taking neural networks. Fourth, the AFNI 3dDeconvolve program used to calculate the response amplitude assumes that the overlapping BOLD responses accumulate with linear additivity and, potentially, nonlinear effects may contribute to the altered hemodynamic responses. However, in computational simulation, we found little accumulation of the hemodynamic response. This is primarily due to the fact that our regressors are based on the subjects' response latency and the individual variations from trial to trial. Moreover, if nonlinearities (due to the task setup) are contributing to the effect, this would be similar across the different treatment conditions. Fifth, the Monte-Carlo threshold adjustment method (Forman et al. 1995) used to extract the activation clusters was reported to possibly underestimate the spatial extent of autocorrelation or the variability of the autocorrelation function, thus, possibly interfering with the critical levels for a significant cluster size (Petersson et al. 1999) . Finally, the lack of jittering in our paradigm may cause a certain degree of overlap between the decision and outcome periods. Therefore, other paradigms will need to be used in the future to better delineate whether lorazepam differentially affects uncertainty or reward/punishment processing.
In summary, this investigation used three techniqueshuman psychopharmacology, functional neuroimaging, and an experimental paradigm targeted to probe riskrelated responding-to elucidate the role of GABAergic modulation on brain structures important for processing risk. The results are consistent with the hypothesis that GABAergic modulation attenuates activation of neural substrates signaling aversive outcomes, which may help to explain why these drugs are anxiolytic. Future investigations will need to determine whether these effects are specific to benzodiazepines, characteristic of other anxiolytic drugs, and can be used to predict potential anxiolytic efficacy of novel compounds.
